Objective: COPD is one of the major causes of morbidity and mortality worldwide.
INTRODUCTION
COPD is one of the most common chronic diseases in adults and a major cause of chronic morbidity and mortality throughout the world. According to the World Health Organization, more than 210 million people suffer from COPD at a global level, and 80 million present its moderate-to-severe form. (1) In the period between 1990 and 2010, there was an increase in the prevalence of COPD, from 10.7% to 11.7%. (2) Population studies have estimated that the absolute number of patients with COPD will increase by 150% in the period between 2010 and 2030, the largest increase being in people over 75 years of age. (3) In 2005, more than 3 million people died of COPD, which corresponds to 5% of all adult deaths globally. (4) A study regarding the global burden of COPD, which was the fourth leading cause of death in 1990 and the third leading cause of death in 2010, (5) projected that the disease will remain the third leading cause of death worldwide by 2020. Despite the significant burden of COPD on health and quality of life, the disease is often unrecognized and undertreated because the most common symptoms, such as fatigue and dyspnea on exertion, are commonly perceived as normal for the aging population. Recent data show that smokers who do not have COPD often have COPD symptoms and express common COPD features, such as exacerbations and activity limitation, and almost half of those use bronchodilators. (6) Symptomatic smokers and those who are at early COPD stages are most likely to benefit from early treatment strategies, such as smoking cessation.
Even though tobacco smoking is the major preventable risk factor associated with the development of COPD, (7) according to two national studies in the USA, (8) only 20.9% of current tobacco users have received physician counseling on tobacco cessation. Moreover, studies suggest that the number of health care workers who smoke is high, especially in countries with high prevalences of smokers. (9) The primary aim of the present study was to determine the frequency and severity of COPD in health care workers who smoke. The secondary aim was to determine the occurrence of respiratory symptoms, abnormal patterns in their lung function, and the influence of the level of nicotine dependence on the development of COPD in health care workers.
METHODS

Study design and population
The study was designed as a cross-sectional study including adult health care workers who smoke to form a convenience sample. It was conducted in the period between August 1, 2015 and August 1, 2016, and the participants were selected from nine medical institutions in Vojvodina, Serbia. Vojvodina is a northern province of Serbia, with an estimated 1.9 million population, which comprise 21.56% of the total population in Serbia. The nine medical centers had a total of 5,635 medical workers, 4,318 (76.63%) being female. The study included subjects ≥ 40 years of age who were current cigarette smokers. The volunteers were invited to perform spirometry. The study was approved by the Research Ethics Committee of the Institute for Pulmonary Diseases in Sremska Kamenica, Serbia.
Study variables
We collected basic demographic data and the medical history of the subjects, including information regarding a diagnosis of COPD, asthma, and other lung diseases. Demographic data included gender, age, occupation, and smoking history (in pack-years). All participants completed a closed questionnaire on COPD symptoms and the number of respiratory infections requiring treatment with antibiotics or corticosteroids in the previous year.
The COPD Assessment Test (CAT) was used to determine the presence and severity of respiratory symptoms. If a patient had a CAT score > 0 on a specific item, the patient was classified as having that symptom. The intensity of symptoms was measured by the total and item-specific CAT score. The Fagerström Test for Nicotine Dependence (FTND) was used for assessing nicotine dependence. Spirometry was performed according to the standards of the American Thoracic Society and European Respiratory Society. (10) Obstructive ventilatory defect was defined as a FEV 1 / FVC ratio < 0.70 on initial spirometry. We performed the bronchodilator reversibility test in those patients with detected airway obstruction. The diagnosis of COPD was based on post-bronchodilator FEV 1 /FVC ratio < 0.70. Small airway disease was defined as FEF 25-75% , FEF 50% , or FEF 75% < 50%. (11) Restrictive ventilatory defect was defined as FVC < 80% in patients with a FEV 1 /FVC ratio > 70%. The assessment of disease severity was based on the CAT questionnaire and the number of exacerbations that the patient had in the previous year. All patients were classified according to the 2017 Global Initiative for Chronic Obstructive Lung Disease (GOLD) guidelines for COPD severity. (12) 
Ethical approval
All procedures performed in studies involving human participants were in accordance with the ethical standards of the institutions involved and the national research committee, as well as with the Helsinki declaration and its later amendments or comparable ethical standards. The study was approved by the Research Ethics Committee of the Institute for Pulmonary Diseases in Sremska Kamenica, Serbia.
Statistical analysis
Continuous variables are presented as means and standard-deviations, whereas categorical variables are presented as frequencies and proportions. We used the Student's t-test for the comparison of continuous variables, the chi-square test for the comparison of categorical variables, and ANOVA for the comparison of continuous variables across three or more categories. The level of significance was set at 5% (p < 0.05) for all tests.
RESULTS
The study involved 305 health care workers (47 men and 258 women). The mean age was 49.0 ± 6.5 years, and the mean history of smoking was 23.0 ± 14.2 pack-years. The mean FTND score was 4.48 ± 4.47. Most of the subjects showed low nicotine dependence (28.9%), followed by high nicotine dependence (27.8%), very low nicotine dependence (18.5%), moderate nicotine dependence (17.9%) and very high nicotine dependence (6.9%). Most of the respondents were nurses (n = 169; 55.4%). Basic demographic data are presented in Table 1 .
Respiratory symptoms were present in 186 subjects (61.0%). The most common symptoms were "breathlessness while walking up a hill or a flight of stairs" (n = 104; 34.0%); "cough" (n = 96; 31.5%); "expectoration" (n = 68; 22.3%); "wheezing" (n = 46; 15.0%); "shortness of breath" (n = 40; 13.1%); "chest tightness" (n = 7; 2.3%); and "impaired sleep due to breathing problems" (n = 6; 2.0%). Breathing problems disrupted daily physical activity in 14 subjects (4.6%). The mean CAT score was 7.69 ± 7.10. Respiratory infection requiring the use of antibiotics in previous year was present in 57 subjects (18.7%).
Regarding COPD, 16 subjects (5.2%) had been previously diagnosed with the disease. Chronic extrapulmonary diseases were present in 54 subjects (17.7%), hypertension being the most common disease (11.0%).
Spirometry confirmed obstructive ventilatory defect in 33 subjects (10.8%), restrictive ventilatory defect, in 5 (1.6%), and small airway disease, in 96 (31.5%). There was no statistically significant difference between the subjects with and without airway obstruction regarding gender. Patients with airway obstruction were older and heavier smokers. Very high nicotine dependence was more common in patients with airflow obstruction (18.2% vs. 5.6%; p = 0.016).
A diagnosis of COPD was made in 29 subjects (9.5%),been diagnosed with COPD. On the basis of the GOLD classification based on symptoms and risk, the majority of respondents were in group A (n = 14; 48.2%) or B (n = 14; 48.2%). One subject (3.6%) had a severe form of COPD and belonged to group D. None of the subjects belonged to group C. There were no significant differences between patients with and without COPD in relation to occupation, gender, and body mass index; however, there was a significant difference between those subjects in relation to age, smoking history, and level of nicotine dependence (Table 2 ). There was no association between occupation (physicians, nurses, and allied health professionals) and level of nicotine dependence (mean FTND score, 4.26 ± 2.36 vs. 4.51 ± 2.17 vs. 4.54 ± 2.15, respectively; p = 0.72). The subjects with higher levels of nicotine dependence had a higher burden of respiratory symptoms (a mean CAT score of 6.10 ± 5.95 and an FTND score of 0-4 vs. a mean CAT score of 7.83 ± 7.24 and an FTND score of 5-7 vs. a mean CAT score of 9.78 ± 8.10 and an FTND score of 8-10; p < 0.001). In subjects with no diagnosis of COPD, the presence of other spirometric defects was not associated with higher CAT scores (mean CAT score, 7.80 ± 6.42 in subjects with a restrictive pattern vs. 5.70 ± 7.37 in subjects with an obstructive pattern vs. 8.41 ± 7.94 in subjects with small airway obstruction vs. 7.14 ± 6.81 in subjects with normal spirometry; p = 0.66).
Impaired sleep due to breathing problems and chest tightness were significantly more common in subjects with COPD than in those without the disease. Although cough, expectoration, and shortness of breath were found to be more common in subjects with COPD than in those without it, the differences were not statistically significant ( Figure 1 ).
The intensity of cough and shortness of breath, as measured by the CAT score, was significantly higher in subjects with COPD than in those without the disease (1.9 ± 1.3 vs. 1.2 ± 1.2; p = 0.004; and 2.2 ± 1.7 vs. 1.5 ± 1.5; p = 0.03).
There was no difference in the frequency of respiratory infections requiring antibiotic treatment in the previous year between subjects with and without COPD (20.69% vs. 18.48%; p = 0.77).
DISCUSSION
The present study has provides an insight into the health of health care workers when it comes to COPD, Values expressed as n (%) or mean ± SD, except where otherwise indicated. the most common lung disease in the world. We found an incidence of COPD of 9.5% in our sample of health care workers who smoke. The vast majority of the COPD cases in our sample of health care workers were newly diagnosed (86.2%).
The prevalence of COPD in the general population ranges from 0.2% to 18.3%. In Europe, it is estimated to range from 4% to 10%, (13) whereas the incidence of newly diagnosed cases of COPD in high-risk populations varies from 10.9% to 29.5%, (14) (15) (16) (17) depending on the geographic location, the structure of the study population, and the scope of previous screening for COPD. The major reason for a late diagnosis of COPD is that the majority of patients with decreased FEV 1 do not complain of any respiratory symptoms. The slow, progressive nature of COPD appears to lead to a reduced awareness of the signs of the disease. For example, a smoker coughing every morning is often perceived as a normal phenomenon. (18) Results of the present study demonstrate that 61% of the health care workers who smoke have respiratory symptoms, the most common being breathless while walking up a hill or one flight of stairs (34.0%), cough (31.5%), sputum expectoration (22.3%), and wheezing (15.0%). Similar results were found in a recent five-year study involving 1,812 smokers and former smokers, in which 50% of the participants had respiratory symptoms, despite having preserved pulmonary function, which was significantly more common than in nonsmokers (16%). (6) Although there were no significant differences regarding the frequency of cough and of shortness of breath between the subjects with and without COPD, the intensity of these symptoms was more pronounced in those with COPD. Subjects with COPD had sleep disruption and chest tightness more commonly than did smokers without COPD, suggesting that these complaints might be more specific in the smoking population with COPD. These results are in line with the those found in a study by Regan et al., who showed that respiratory symptoms, limitation of daily activities, and abnormalities on CT scans of the chest are often present in smokers who do not manifest airway obstruction on spirometry. (19) This suggests that clinical COPD, which includes chronic cough, dyspnea, and chronic sputum production, together with a history of exposure to risk factors, is often present in smokers and that it is likely that this group of patients would largely benefit from early prevention strategies, such as smoking cessation. Despite the high burden of symptoms in health care workers, they were unaware of the possibility of having COPD, as evidenced by the fact that most of the COPD cases had not been previously diagnosed. In addition, most of the COPD cases were heavy smokers. This is of utmost importance because health care workers play a major role in counseling their patients on the importance of smoking cessation and have the responsibility to deliver nonpharmacological interventions in the treatment of their COPD patients. In addition, the benefit of smoking cessation spreads far beyond the treatment of COPD. Importantly, none of the centers involved in the present study had an established smoking prevention program.
On spirometry, obstructive ventilatory defect was confirmed in 33 participants (10.8%); restrictive ventilatory defect, in 5 (1.6%); and small airway disease, in 96 (31.5%). On the basis of the GOLD classification, the majority of the respondents with COPD were in groups A or B (n = 14; 48.2%, for both), and only 1 patient (3.6%) was in group D. Since we performed screening in a high-risk population in our study, most of the COPD patients were newly diagnosed and in the early stages of the disease. This is very important because most patients with COPD are diagnosed in the third or fourth stage of the disease, when the respiratory reserve is reduced by more than 50%, and the largest decline in lung function occurs in the first and second stages of the disease. (20) Timely diagnosis and treatment reduce health and socioeconomic consequences for the individual and society. In the USA, the results of a follow-up study based on the First National Health and Nutrition Examination Survey showed that the risk of mortality was 1.3, 1.7, and 3.1, respectively, in patients in GOLD COPD stage I, stage II, and stages III-IV. (21) In addition, the five-year mortality rate depends on the stage of the disease, ranging from 17% in stage I patients to 73% in stage IV patients. (22) The frequency of COPD is primarily the result of cumulative exposure to different risk factors for many decades. The prevalence of COPD is often directly related to the frequency of tobacco use and level of air pollution. A meta-analysis of studies conducted in 28 countries between 1990 and 2004 and a study in Japan provide evidence that the prevalence of COPD is significantly higher in smokers and former smokers than in nonsmokers, in those older than 40 years of age than in those younger than 40 years of age, and in men than in women. (23, 24) From 1965 to 2012, the prevalence of cigarette smoking in the USA decreased from 42.4% to 18.1%. (25) According to data from 2013, it is estimated that 34.7% of the population of Serbia are smokers, with the highest proportion of smokers in the 18-64 year age group, i.e., the working population. Despite recent law regulations that restrict smoking in Serbia, there have been no changes in the number of smokers since 2006. (26) In our study, the participants with COPD were older and had a longer smoking history (in pack-years) when compared with the participants without COPD. These results are expected, since age and smoking history are two dominant risk factors for the development of COPD. (27) In general, COPD is more prevalent in males. (28, 29) However, in our study, most of the subjects were female, and the results of our study could be related to the occupation of the subjects. The majority of the respondents were nurses, and there is a possibility that they were more interested in having their health status investigated than were doctors. In addition, most health care workers in the participating centers were female (77%). The results of our study also showed a statistically significant association between smoking history (pack-years) and a diagnosis of COPD. Respondents with very high nicotine dependence were significantly more commonly diagnosed with COPD. This is in line with previous studies that showed that, for each point increase in the FTND score, the probability of a smoker developing COPD increases by 11%. (30) Our study has several limitations. First, the study included a selected group of health care workers who volunteered to participate in the study, and they are not necessarily representative of all health care workers who smoke. Second, since we included only current smokers, the prevalence of COPD in health care workers might be higher. However, we were specifically interested in health care workers who continue to smoke, who present with the obvious health-related risks. Third, we acknowledge the well-known limitation of using a fixed spirometric value for determining obstruction, which can cause the overdiagnosis of the disease in the elderly and its underdiagnosis in younger patients. However, current COPD guidelines favor the use of this threshold due to its consistency, simplicity, and limited risk of misdiagnosis. (12) Fourth, although we reported the spirometric indices of small airway disease, these are highly variable and nonspecific, and therefore are not generally recommended. (31) Finally, the present study is prone to recall bias with regard to the number of exacerbations in the previous year, which is often inaccurately reported in COPD patients. (32) Despite these limitations, to our knowledge, this is the first contemporary study that explores the occurrence of respiratory symptoms and COPD in health care workers who smoke. The study is strengthened by the use of spirometry to make a diagnosis of COPD and by the standardized approach of measuring symptoms and grading COPD severity. We believe that our study is important because it provides an insight on the smoking impact in a country with a high prevalence of smokers. In such countries, the detrimental effects of smoking-related diseases are likely to be seen in upcoming years in contrast to those where there has been a significant reduction in the prevalence of smoking. Needless to say, the role of health care workers in such settings is of paramount importance, and the present study highlights the need for education and prevention programs in this population.
In conclusion, we showed that the frequency of COPD in health care workers is comparable to that in the general population and that it is associated with higher nicotine dependence. Despite being symptomatic, health care workers were unaware of the possibility that they might have COPD, as evidenced by the fact that most of the COPD cases were newly diagnosed. The present study demonstrates the necessity of educational programs for COPD prevention and of early treatment among health care workers.
